Piped water systems are considered to provide the highest service level for drinking water supplies; however, global monitoring of safe water access pays little attention to the type of water source that piped systems draw upon, even if the water is not treated prior to distribution. This study sought to understand whether the source of water for untreated piped supplies influences the prevalence of diarrhoea among children in rural Vanuatu. The analysis was based on a dataset integrating a (AOR 4.9, 95% CI 1.9-13, p ¼ 0.001). The results highlight the need for improvements in spring protection as well as ongoing maintenance and periodic renewal of water supply infrastructure.
INTRODUCTION
Piped water systems are considered to provide the highest service level for drinking water supplies. This is reflected in monitoring frameworks and national policy objectives, and is implicitly supported by the safely managed water service indicator under Sustainable Development Goal (SDG) target 6.1, which is predicated on water being available on the premises. There is strong evidence that access to piped water is associated with improved health, particularly a reduced risk of diarrhoeal disease (Overbo et al. ; Wolf et al. ) . However, neither research nor global monitoring has typically distinguished between piped services based on the water source from which they draw.
This may matter little for piped water systems with treatment prior to distribution; however, it may have major implications for piped systems supplying raw (untreated) water, as is often the case in rural areas of low-and middle-income countries. To illustrate the point, a piped water supply drawing on surface water might formally be classified as a high service level, even if the raw water it provides is from the same source that is presumed to be highly 
RESULTS AND DISCUSSION
For children under 5 years, the analysis included 120 households in 25 villages across 10 islands (Table 1 and Table S1 in the online Supplementary Material). Piped systems pumped groundwater from boreholes in six villages, were fed by springs in eight villages and drew on surface water in 11 villages. Compared with households receiving piped water from a spring or surface water, households relying on a borehole-supplied piped scheme tended to be wealthier, better educated and more likely to treat water before drinking, The 2-week period prevalence of diarrhoea among children under 5 years was 17% (Table 1 ). The prevalence of diarrhoea was highest for those receiving spring-fed piped supplies (25%), compared with 14% for those receiving piped supplies drawing on surface water and 8% for those receiving borehole-supplied piped water. The GEE analysis found that the water source supplying a piped scheme had a significant effect on diarrhoea: compared with boreholesupplied systems, piped systems fed by springs were associated with a 5.8-fold increase in the adjusted odds of While borehole-supplied systems were associated with the lowest diarrhoeal disease burden, any ambitions to simply preference these schemes over those supplied by springs or surface water would need to grapple with hydrogeological and financial realities. As it stands, a paucity of hydrogeological information in Vanuatu makes it difficult to appraise the feasibility of exploiting groundwater to a greater extent. Addressing this knowledge gap is an important area for future investigation. Moreover, the logistical challenges and costs associated with transporting drilling equipment between and within islands are significant.
To provide more conclusive results on the health outcomes associated with different sources of piped water, a larger study that also assesses faecal contamination levels is needed. More definitive outcomes would provide guidance as to where and how water quality risks could be most effectively managed. Ideally, the treatment of water prior to distribution might mitigate water quality risks; however, this would also create new operation and maintenance complexities, particularly in light of the remote island context that characterises rural communities in Vanuatu.
Although not the primary purpose of this study, the multivariable analysis highlighted another area that could be targeted to reduce the burden of diarrhoeal disease in
Vanuatu. When a piped system was constructed prior to 2000, the adjusted odds of diarrhoea was 4.9 times higher [95% CI 1.9-13; p < 0.001] than for schemes constructed after 2000. This may reflect the degraded condition of older schemes, which, in turn, could increase the risk of faecal contamination entering the system. There was insufficient data to confirm this hypothesis for the 25 schemes included in the analysis, but the wider inventory data indicate that piped schemes constructed prior to the year 2000 are in substantially poorer condition than those constructed after this point ( Figure S1 in the online Supplementary Material).
The study has a number of limitations. First, a key weakness is the cross-sectional nature of the study, which constrains the degree to which causal relationships can be inferred. Second, DHS questions relating to child diarrhoea rely on mothers' self-reporting and hence may be subject to recall bias and inconsistent interpretations of the case definition of diarrhoea (Boerma et al. ) . 
CONCLUSIONS
This study sought to understand whether the source of water for untreated piped supplies influences the prevalence of diarrhoea among children in rural Vanuatu. The analysis was based on a dataset integrating a nationally representative DHS and a nationwide water supply inventory, and adjusted for a range of potential confounders. The source of water supplying a piped scheme had a significant effect on diarrhoea: compared with borehole-supplied systems, piped systems fed by springs were significantly associated with a 5.8-fold increase in the adjusted odds of diarrhoea.
Older water supply infrastructure also exhibited a significant association with diarrhoea. The results point to the need for improvements in spring protection as well as the importance of ongoing maintenance of water supply infrastructure.
Larger studies that also assess faecal contamination levels (and ideally, specific pathogens) are needed to generate more definitive results about the health implications of different water sources for untreated piped supplies. A stronger evidence base will help policymakers and practitioners more effectively target measures to manage water quality risks and accelerate progress towards the SDG target of safe water for all.
